Langerhans' cells (LC) were investigated immunohistochemically and electron microscopically in normal equine epidermis and 133 equine cutaneous papillomas experimentally induced in five 2-year-old Thoroughbred horses. Class I1 major histocompatibility complex antigen-positive dendritic LC were found in the normal epidermis and ultrastructurally had the characteristic Birbeck's granules. In the developing phase of the papillomas, LC were significantly decreased in number and size, indicative of a hypofunctional state. In the regressing phase of the papillomas, LC were markedly increased in number, especially at the epidermisdermis junction. LC with long dendrites were rich in cytoplasm with well-developed cytoplasmic organelles, including Golgi apparatus, lysosomes, Birbeck's granules, and multivesicular bodies. These LC were hyperfunctional. An infiltration of many T lymphocytes was also observed at the epidermis4ermi.s junction.
(3-5%) cell population in human beings.8J0 The LC migrate across the epidermis-dermis junction, enter the peripheral lymphatic vessels, and flow to the draining lymph node. 27 LC have also been demonstrated in the lining epithelia of the alimentary tract, urinary bladder, bronchus, conjunctiva, cervix, and placenta.I4s2l In the epidermis, LC are the only cells that bear Fc, C3b, and interleukin (1L)-2 r e~e p t o r s~~,~~,~~ and that express class I1 major histocompatibility complex antigen2.' 1. 18, 19, 24, 26, 30 on their cell surface. The immunophenotypic properties of LC have been investigated e x t e n s i v e l~.~~ Class I1 major histocompatibility complex antigens play a main role in the genetic regulation of immune responses, especially in antigen presenting function for initiation of immune response, indicating the possibility of a specialized population of class I1 major histocompatibility complex-bearing LC in the epidermis. 18, 28 Functionally, in vitro studies have demonstrated that class I1 major histocompatibility complex antigen-positive LC are required for viraland tumor-associated antigen presentation. 20 The LC are capable of producing and releasing IL-1 ,20 stimulating proliferation among autologous T lymphocytes, and presenting antigen to T lymphocytes as accessory cells in the local immune response in epithelial les i o n~.~~,~~ LC are therefore important in immune surveillance and in the clearance of potentially dangerous n e o a n t i g e n~.~J~.~~ Persistence, progression, or regression of human or bovine papillomas is probably controlled by the balance between the frequency of exposure to the virus and the host immune response^.^^,^^ Cell-mediated immunity may have a main role in limiting viral infecti or^;'^.^' however, little is known of the natural history of immunological mechanisms that control such progress. In horses, spontaneous regression is observed in cutaneous papilloma^,^^ but the mechanism remains unknown.
In this paper, histologic, immunohistochemical, and ultrastructural features of LC in normal epidermis and cutaneous papillomas of horses are described, and the significance of LC related to the progressive and regressive process of equine cutaneous papillomas is discussed.
Materials and Methods

Inoculum
Papilloma tissues used for experimental transmission were obtained from 25 cutaneous papillomas experimentally induced in a horse. (The inoculum for that experiment was a homogenate made from 50 cutaneous papillomas that occurred spontaneously in one horse.) The papilloma tissues were pooled and stored in 50% glycerin buffer at 4 C and then washed with saline and macerated to make a 10% suspension in saline with penicillin (10,000 IU/ml) and streptomycin (10 mg/ml). The suspension was then centrifuged at 170 x g for 5 minutes to separate the coarse particles. The inoculum (0.2 mllsite) was injected intradermally or subcutaneously in the skin of the muzzle and labium pudendi 
Histopathology
Tissues were fixed in 10% neutral buffered formalin or Bouin's solution and embedded in paraffin for light microscopic examination. Sections were stained with hematoxylin and eosin and with immunohistochemical methods.
Immunohistochemistry
The antibodies used and their specificities are listed in Table 1 .
Sections embedded in paraffin were deparaffinized, hydrated, and trypsinized in 0.1% trypsin solution, pH 7.8, for 30 minutes. The avidin biotin complex immunoperoxidase staining method was performed as previously The reagents used were supplied by the Vectastain ABC kit (Vector Laboratories, Burlingame, CA). The primary antisera used were mouse anti-bovine class I1 major histocompatibility complex monoclonal antibody ( 1 : 80 diluted, Veterinary Medical Research and Development, Pullman, WA), rabbit anti-bovine papillomavirus-1 antibody disrupted by sodium dodecyl sulphate (1 : 500 diluted, Dako Corp., Glostrup, Denmark, cat. No. B580), and rabbit anti-bovine type IV collagen polyclonal antibody (1 : 500 diluted, Advance Corp., Tokyo, Japan). Antibody affinity was demonstrated with diaminobenzidine as the peroxidase substrate (Sigma, St. Louis, MO). Slides were counterstained with Mayer's hematoxylin.
Unfixed small tissues from each papilloma were frozen in liquid nitrogen and stored at -80 C immediately after biopsy. From deeply frozen tissue specimens, 6-pm-thick sections were cut using a Lipshaw 50 cryostat. Sections were air dried, fixed for 10 minutes in acetone, and hydrated in phosphate-buffered saline solution, and avidin biotin complex immunoperoxidase and indirect immunofluorescence staining methods were performed. 32 The primary antisera used were mouse anti-bovine class I1 major histocompatibility complex antibody (1 : 80), mouse anti-equine pan T antibody ( 1 : 200 diluted, Veterinary Medical Research and Development), and monoclonal and rabbit anti-bovine type IV collagen polyclonal antibodies ( 1 : 500). For indirect immunofluorescence, the appropriate fluorescein isothiocyanateconjugated goat anti-mouse IgG (Cappel Products, West Chester, PA) was applied (4 C for 12 hours).
Electron microscopy
Freshly obtained tissues were dissected into small blocks (2-3 mm) and fixed in 2% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2). Blocks were post-fixed in phosphate-buffered I Yo osmium tetroxide and embedded in Epon 8 12. Sections were stained with uranyl acetate and lead citrate and examined with a Hitachi electron microscope, model HU-12A.
Results
Growth and macroscopic findings
The first detectable papillomas appeared on the skin of the muzzle of five horses 18-22 days post-inoculation and on the skin of the labium pudendi of three of these horses 24-26 days post-inoculation (early stage of developing phase). The papillomas were < 5 mm in diameter, had flat or dome-shaped surfaces, were firm, and were skin colored, gray, or white. With time, their size and number increased; the largest papillomas reached about 30 mm in both diameter and height 50 days post-inoculation (advanced stage of developing phase). The surface was rough and grayish white. On cross section, the biopsied tissues were sessile, with irregularly thickened epidermis, and were soft and white but sharply demarcated from the dermis. After that, most of the papillomas remained unchanged for 2 to 3 months. Then, they tended to regress spontaneously 4 to 5 months post-inoculation (early stage of regressing phase). Most of the papillomas disappeared almost completely by 6 months after inoculation (advanced stage of regressing phase).
The following papillomas were biopsied a total of 20 times each: 82 papillomas in the developing phase (1 8 papillo- mas in the early stages and 34 papillomas in the advanced stage on the muzzle; ten papillomas in the early stages and 20 papillomas in the advanced stage on the labium pudendi), and 5 1 papillomas in the regressing phase (24 papillomas in the early stages and eight pap- illomas in the advanced stage on the muzzle; 13 papillomas in the early stages and six papillomas in the advanced stage on the labium pudendi).
Histologic findings
Histologic changes were divided into two phases, developing and regressing, based on days post-inoculation and histologic findings.
Developing phase. In early stages, papillomas consisted of a moderate proliferation of basal cells, mild acanthosis, and slight hyperkeratosis and parakerato- sis. No papillomavirus group-specific antigens were detected in the keratinocytes. The basement membrane of the epidermis and dermis was intact. In advanced stages, papillomas were composed of marked proliferation of all the epidermal layers, associated with many koilocytes and a number of granular cells undergoing balloon degeneration. Some proliferated basal cells showed nestlike arrangements (Fig. 1 ). There was a marked depletion of melanin pigments from the proliferated basal cells, and melanocytes were observed only occasionally. Numerous intranuclear inclusion bodies, which were positive for the anti-papillomavirus serum, were detected in the cytolytic cells in the outer layers. The basement membrane of the epidermis was intact. A few lymphocytic and histiocytic cells were present in the superficial layer of the dermis.
Regressing phase. In early stages, each layer of the epidermis was moderately hyperplastic with cytolysis in the outer layers. Papillomavirus antigen-positive intranuclear inclusion bodies were present in the cytolytic cells. In the cornified layer, inflammatory exudate following bacterial infection was observed. A marked infiltration of lymphocytes and histiocytes occurred in the deeper layer of the epidermis, revealing irregular arrangements and degeneration and necrosis of the basal cells. Fibroblastic proliferation was noted in the dermis beneath the basement membrane, also associated with a heavy infiltration of histiocytes and lymphocytes (Fig. 2) . In advanced stages, the epidermal cellular arrangement was almost normal with no visible papillomavirus antigen-positive intranuclear inclusion bodies, although slightly elongated rete ridges were present in the superficial layer of the dermis. There were melanin pigments in the keratinocytes, and melanocytes were observed in the basal layer. In the superficial layer of the dermis, there was moderate to marked proliferation of collagen fibers with moderate fibroblastic proliferation.
Immunohistologic findings
The results of staining procedures on the normal control skin and papillomatous tissues are summarized in Table 2 . No quantitative or qualitative differences were seen in the specificity of stainings by avidin biotin complex immunoperoxidase and indirect immunofluorescence methods.
Normal control skin. Dendritic class I1 major histocompatibility complex-positive Langerhans' cells (LC) were evenly distributed in a regular density (three to ten LC/200 keratinocytes) in the upper layers of the epidermis. The characteristic cytoplasmic dendrites of LC were clearly seen between keratinocytes (Fig. 3) . Pan T lymphocyte antigens were not detected. Type IV collagen antigens were found at the epidermisdermis junction and around hair follicles, small vessels, and sebaceous and eccrine sweat glands in the dermis.
Developing phase of papilloma. In early stages of papilloma development, staining patterns with antibodies for class I1 major histocompatibility complex, type IV collagen, and pan T lymphocytes were similar to those in the normal control skin. In advanced stages, there was a marked reduction or total absence of LC in the upper layers of the epidermis. A few LC were scattered only in the deeper layers of the epidermis, especially between the basal cells, and had poorly defined cytoplasmic dendritic processes (Fig. 4) . In the superficial layer of the dermis, a few spindle-shaped LC were present. A few lymphocytes stained with pan T lymphocyte antibody were present in the superficial layer of the dermis, but none stained in the entire epidermis and at the epidermisdermis junction. These T lymphocytes were round and had a thin rim of cytoplasm. The distribution of type IV collagen antigen was similar to that in the normal controls.
Regressing phase of papilloma. In early stages, LC markedly increased in number in the entire epidermis, especially in the deeper layers and at the epidermisdermis junction (Fig. 5) . These LC were more polygonal with arborized cytoplasmic processes (Fig. 6) compared with those in the normal epidermis. LC were also present in the superficial layer of the dermis (Fig.  7) . Most of the inflammatory cells that were observed histologically in the superficial layer of the dermis were lymphocytes labeled with pan T lymphocyte antibody. They had round or oval nuclei with a thin rim of cytoplasm. A marked infiltration of these T lymphocytes coexisted with LC in the deeper layers of the epidermis, at the epidermisdermis junction, and in the superficial layer of the dermis (Fig. 8) . Type IV collagen antigens in the basement membrane were generally weakly positive or partly negative (Fig. 9) . In advanced stages, staining results by the antibodies for class I1 major histocompatibility complex, type IV collagen, and pan T lymphocytes were similar to those in the normal control skin.
Electron microscopic findings
Normal control skin. LC were recognized in the upper layers of the epidermis, although they were very few in number. These cells contained plentiful pale cytoplasm with a few organelles, including mitochondria, lysosomes, rough endoplasmic reticulum, and Birbeck's granules, but without tonofilaments, melanosomes, and desmosomes. The nuclei were frequently convoluted, and the dendrites were elongated between the keratinocytes. LC were slightly smaller than monocyte macrophages but were larger than lymphocytes.
Developingphase of papilloma. In advanced stages, keratinocytes in the granular and upper spinous layers had swollen and vacuolated mitochondria and rough endoplasmic reticulum. In these cells, tonofilaments were absent in the paranuclear areas, and the nuclei were often filled with viral particles. In both granular and upper spinous layers, a few LC were recognized. Compared with those in the normal control, these cells had stunted dendrites, were smaller, and had a few organelles, including dilated rough endoplasmic reticulum and swollen mitochondria in the cytoplasm, but did not have Birbeck's granules (Fig. 10) . The nuclei were also small and markedly cleaved, with dense peripheral clumping of chromatin. In the basal layer, however, LC with almost normal features were sometimes recognized.
Regressing phase of papilloma. In early stages, LC were present in all the epidermal layers, were swollen with well-developed dendrites, and had markedly convoluted nuclei. The cytoplasmic organelles included moderately developed rough endoplasmic reticulum, mitochondria, lysosomal granules, multivesicular bodies, well-developed Golgi apparatus, and many Birbeck's granules (Fig. 11 ). Birbeck's granules were rodshaped, of various lengths (1 90-360 nm) but consistent width (33 nm), and had a central striated line (Fig. 12) .
Discussion
This study revealed many dendritic class I1 major histocompatibility complex antigen-positive cells in normal equine epidermis. According to recent studies on the cell surface characteristics and functions of the epidermal cells in guinea pigs, mice, cattle, and human beings, Langerhans' cells (LC) have class I1 major histocompatibility complex antigen. 2,1 1,18,19,24,30 The specificity for this antigen was confirmed in equine epidermal LC, and ultrastructures of the equine LC were (Fig. 3) . Arrowheads indicate the epidermis4ermis junction. Indirect immunofluorescent stain with anti-class I1 major histocompatibility complex (1 : 80). Bar = 40 pm.
Skin; equine papilloma (early stage of regressing phase). Class I1 MHC-positive Langerhans' cells in the superficial layer of the dermis. Arrowheads indicate the epidermis-dermis junction. Avidin biotin complex immunoperoxidase stain with anti-class I1 major histocompatibility complex ( 1 : 80) with Mayer's hematoxylin counterstain. Bar = 40 pm.
Skin; equine papilloma (early stage of regressing phase). A large number of pan T lymphocytic antigen-positive cells are present in the deeper layers of the epidermis, at the epidermis-dermis junction (arrowheads), and in the superficial layer of the dermis. Avidin biotin complex immunoperoxidase stain with anti-pan T (1 : 200). Bar = 40 pm.
Skin; equine papilloma (early stage of regressing phase). Type IV collagen antigens are weakly positive (short arrows) or partly negative (long arrows) in the basement membrane and positive around blood vessels (arrowheads) in the dermis. Avidin biotin complex immunoperoxidase stain with anti-type IV collagen (1 : 500). Bar = 40 pm. identical to those in guinea pigs, mice, cattle, and human being^.'^^^^^^.'^ In the developing papillomas, LC were markedly decreased in number. In human beings, a depletion of epidermal LC has been observed by using class I1 major histocompatibility complex antibody in cervical intraepithelial neoplasia and cutaneous warts with im-munohistochemical evidence of human papillomavirus i n f e~t i o n .~.~~,~~ The mechanism of the decrease in LC in the horses in this study is unknown, but the following three possibilities may be considered. First, there might be an irreversible damage and necrosis of LC, resulting from the direct cytotoxic effect of papillomavirus infection. No virus particles were detected in LC, but these cells did show morphologic changes. Second, LC were altered functionally as a result of diminished expression of the surface molecules. U1trastructurally, LC were degenerative and hypofunctional in the developing papillomas. A decrease in LC has been recognized in C3H/HeN and BALB/c mice and guinea pigs treated with glucocorticosteroids.1-6 After topical application of glucocorticosteroids in these mice, some LC had ultrastructural changes, including clumping of nuclear chromatin, smaller size with scarce cytoplasm, paucity of organelles, dilated rough endoplasmic reticulum, swollen mitochondria, and stunted dendrites.' This type of damage is reversible but affects the expression of the surface antigens of LC.'s6 The morphologic changes of LC in this study resemble those resulting from glucocorticosteroid treatment. The diminished antigen expression of LC suggests an interference in this antigen presenting f~n c t i o n .~
The lack of an infiltration of T lymphocytes in the developing papillomas supports this hypothesis. Third, such functional or reversible effects might enhance a migration of LC from the epidermis to the dermis or to regional lymphoid tissues, as has been observed during contact sensitivity reaction^.^ In this study, the morphologic appearances and number of LC differed between the upper and the deeper layers of the epidermis. LC were fewer in number and hypofunctional in the upper layers of the epidermis and were associated with viral antigen in the keratinocytes. Other studies have suggested that drastic modifications of LC environment by human papillomavirus infection might alter the number, morphologic findings, and p h e n~t y p e .~~ An increased incidence of experimental skin tumors in C3H/HeNCr mice is related to depletion of epidermal LC.5J6 The epidermis of the developing papillomas might have been in an immunodeficient state. In this study, there was a marked increase in LC in the entire epidermis and in the superficial layer of the dermis, especially at the epidermisdermis junction in the early regressing papillomas. Ultrastructurally, these LC were swollen, with well-developed cytoplasmic organelles, including Birbeck's granules, revealing hyperactivity. In addition, at the epidermisdermis junction of these papillomas, T lymphocytes also have been markedly infiltrated. Similar numerical and morphologic changes associated with hyperfunctional LC have been demonstrated in cervical intraepithelial neoplasia without immunohistochemical evidence of human papillomavirus infection in human beings and in contact dermatitis in guinea pig^.^,'^ Such changes of both LC and T lymphocytes imply an organization of an immune response directed against neoplastic transformed epithelial c e l l~.~J~ LC are capable of producing cellular antigens to effector T lymphocytes and are potentially capable of performing a surveillance immune function against neoantigens associated with cell transformation by papovavirus or adenovirus infec-
The presence of many functionally activated LC and T lymphocytes in the regressing papillomas may therefore reflect the results of cell-mediated immunity directed against proliferative change in keratinocytes of the deeper layers in the epidermis. The LC play an important role in the regressive process of the equine cutaneous papilloma.
In this study immunohistochemical staining with type IV collagen antibody detected alteration or destruction of the basement membrane in the early regressing papillomas, where infiltration of T lymphocyte and LC was marked. Type IV collagen in the basement membrane can show various structural changes, depending on epithelial cell growth environment and disease state; l 3 however, the significance of such changes has not been explained. 
